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NATIONAL ADVISORY OOMMITTER ¥0R ABRONAUTICS

ADVANCE RESTRICTED REPORT

SOME ‘SYSTEMATIC MODEL EXPERIMENTS ON THE PORPOISING
CHARACTERISTIOS OF FLYING-BOAT HULLS

By Kenneth S. M. Davidson and ¥, W. S, Locke, Jr.
SUMMARY

This report presents the results of systematic model
experiments on the hydrodynamic characterlstics of flying
boats, aimed primarily at developing a comprehenslive view
of the factors influencing porpoising and of their rela-
tive importance. The experiments "radiated" from a given
reference ship; they embrace changes, over reasonadbly
wide ranges, in the value of each 0f a number of variables,
treated independently. .

The experimental results are summarized in a series
of 26 figures, each of whioch gives the complete data for
all the modifications of one variadble.,

The results are further ocondensed for easy reference
in charts 1 to 3, which follow the Summary. In these
charts the principal portions of the summary figures are
reproduced at smaller scale and are arranged in groups
according to the type of the variable they represent,.
Here the relative influence of the variables is brought |,
out merely by the relative "blackness" of the charts.

The majJor conclusions which follow are based upon
the ranges of change of the variables indicated on the
sumnary figures:

1. The stability limits for a given.hull under various
loadings and aerodynamic conditions are determined (1)

primarily by the three variables which govern the load on

the water in steady motion ~ groes load A4,, wing lift at

ggb;trary_trim angle Z,, and rate of change of '1ift with

The complete set of data from which the figures in this
report were prepared and on which the analyses in this
report were made may be obtained on loan from the Office
of Aeronautical Intelligence of the National Advisory
Committee for Aeronautics, Washington, D, C,




trim Zg and (2) secondarily by the taill damping rate
Mq: Increasing the watsr-borne load raises both limits
without materianlly affecting.the width of the stable range;
increasing the tail damping rate lovers the lower 1limit at
high speeds - the magnitude of the effect bdelng greatest,
hovever, at damping rates considerably below normal.

o, Alterations to the afterbody, under given lording and

aerodynamic conditions, may alter the uvver limit and the
p~ak value of the lower limit in the vicinity of the humn;
they'do not ~lter the lower limit at hipher svee=ds. Fh-
huro trim and the hump resistonce in steady motion follow
tha variation of the meak of the lowar limit. Assuming a
reagsonable length, the most mowerful afterbody variable is
the angle between a prolongation of the foreboady¥ keel and a
line jJoining the tip of the m=in step with the tiv of tha
-gatern vost. Increasineg this angle rais=s the Fumn trim and
resistance and the vooer limit of stability; if carried far
.enough, 1t will suprress upp=r-1limit vormoeising at hlgh
specds. Increasing the step height also sunpresses unoer-
l1imit porpoising at high spe2ds. '

3. Altersatlions to the forebody, under givan londing and
aerodynAamic condltlions, may altsr botk limits Dbut tand
to affect principally the low:r limit At high spe-sds. If
~gufficient forebondy length to0 provide flotation nnd to pre-
vent diving at low speeds 1s assumed, the most powerful
forebody variable 1s the emount.of warnlng. of the bottom
in ths reglon Just . ahe:d of the maln ster. Increasing the
warping lowars fhe lower 1li~it at kigh spezds but rsalses
tkhe hump rssisthnce. .

4,  Finelly, as a tentative, very broad conclusion: None
of the modlfications consid-red in the experlments was
successful in climinating completely elther upper-limit or
lover-limit norpoising and, in genersl, modifications
whick tended to improve the pormolsing characterlstics
tended to inJure the r=sslstance characteristica. Modifica-
tions of the loading or .of the mamrodynamic conditions (that
is, of the vosriabls of grouws I and IT shown in charts 1
and 2) wsere found not to affect the characteristics an-
nrecladbly except as they influenced tha net water-borne
load; modifications of the hull form (taking grour ITI,
chart 3, in its entirety) had larger affects, but these
modifications were mainly varlations on a plvan prrent
form. It follows that =nny signlficant imorovement in toth
vorvoising and resistance characteristics must demend uvon
imnroving the bdasic osrent form of tha hull.
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INTRODUCTION

- - - f— s

Porpoising is a self-sustaining oscillatory motion
in the vertical longitudinal plane, which occurs at plan-
ing speeds. It can originate 1n an inetability of the
uniform longlitudinal motion in emooth water and does not
depend for 1ts persistence upon any aystem of perlodic
disturbing forces such, for instance, asn is provided Yy
head seas. In the worde of one test pilot, ¥It is always
unpleasant and it may be catastrophic.”

Observations of porpoilsing show that there are really
two prinecipal oscillatory motions (1) a vertical oscilla-
tion of the center of gravity and (2) an angular osoilla-
tion about the center of gravity. These two motions are
seen to have the same period but to differ in phase. The
necessary energy to sustain porpoising must evidently be
drawn from the horizontal propelling force, there belng
no other poesible mource, The average water resistance
must therefore be greater than for steady motion under the
game conditione if the speed 1s held corstant, or the av-
erage speed must be less if the propelling force is held
congtant. In the latter event, an oscillation in the hor-
izontal speed may be edded to the two motions descridbed
above, but this is usually esmall and may ordinarily be
disregarded. -

Two main classifications of porpoising are distin-
gulshadble with hulls of conventional type:

(1) Low angle or "lower-limit" porpoising, which
occurs at relatively low trim angles, is clearly at-
tributable to insetabllity of the forebody planlng
alone and 1is largely uninfluenced by the afterbody

(2) High angle or "upper-limit" porpoising,
vhich occurs at relatively high trim anglea, 1sa
clearly attributable to interaction between the
forebody and afterbvody and 1s influenced 1in important
respects by changes in the afterbody form

There is usually a region of stabdle trim anglea be-
tween the regione in which.theme two classes of porpols-
ing occur. The stable region is conveniently descridbed
by a statement of the trim angles at the upper and lower
"limite of stability." The objective in designing 1s to
eliminate porpoleing or, falling thia, to widen as much
as poselble the range of stable trim anglea between the
two limits,




Porpolsins phonomena have been gstudied by theoreti-
cal analysls of the conditions for stabllity, starting
from the basic equations of motion (referencss 1 and 2).
To date, this apnroach has falled to advance matarislly a
dstailad undergtanding of the phenomena, and it reaqulres
gso much time-consuming lahor as to render its nractical
apvrlication in individual cases nearly vrohidbitivae.

Mogt of what is now known sbout mormolsing hms been
learned through mod2l exveriments conducted with due re-
g9rd to the dynamlic requirements. The 1inkherent danger to
the actusl ship limits the score of systematlic exov-riments
on pornolsing at full scale, And model axveriments have
the additional advantaga that the tegt conditions can be
more accursately controll:d and the test results therefore
more readlly interpreted. Suffici=nt evidenca axists to
indicate satlafactory correlatlon between shiop and model
pornolsing in baslc raspects.

Because of the lnherent. dsngar to the ship and the
consequent need of sdvance warning on vorpoising charac-
teristics, mcd=21 experiments in the tast Lave teanded to
place the emphasls on predicting the characteristics of
individual deslgns rathar than on developing a brond pic-
ture of the influance and relative importsnce of the var-
i1ous factors involved. The latter voint of view was
adooted for th= investligation which forms th2 subject of
this revnrt. In addition, through simmlification of the
testing procedure ~nd the use nf An unususlly small mod~el,
the exverimental work haa be=n matericlly =ccelerated so
that considernble ground csn be cover=4d in & short time,

The axporiments followed = vrogram designed vrimarily
to paln persvective, and conslderable attention has been
given to presenting the test results in sirmle form. Only
the basic tvorvolsing cherncteristics ara considerad; namely,
the upver and lo/er limits, Aas thease would be determined in
an actual ship by respactively raising or lowering tha trim
angle from A mean value in the steble ranga. Variations,
particulsrly of the high-angle tyna of vorpolsing, are known
to exist; these haive baan dlsregarded for th= pr=asent in the
interest of clarilfying the baslc types.

The wrrk wag undsrtaken with the financi=sl assistance
of the Rational Advisory Committaas for 2Leronautics. The
nrogram originally 1laid out was to parmallel similar work
contemvlated by them. In tha course of two years the vro-
gram hags been exnanded considerably along indspendent lines,




‘0

SCOPT 0T INVESTIGATION

It 1s.the purvode of "this revort- to present -the.re-
sults of .certain systematlic model oxnariments on flying-.
boat hulle., Porvolsing cheracteristics and steady-motton
reaistnﬁcnﬁ rre consldarad, but th- mrincipal emphasgis is
on tha porpolsing characteristics. Ths experiments radl-
atad from a given flying hoat, taken ns A baslc polnt of
d=parturs. The referance ship us=d was the XPB2M-1, =a
representative moderr design hoving, for = gross weight
of 140,000 pounds, » wing loading Ao/S of 38.0 nounds

per square foot, and a berm loading Ao/wb5 of 0.89.
Fach of a number of variahles was mRlter+«d, szparately
from the cthers as far As vpossibdle, over A range of val-
ues embraclng ths normal value for the refarence shiv and
intended to be wide enougk to cover all values likely to
b2 encountered in practlice. The aAdvantage of this proce-
dure is .that 1t materially simplifies the nrablem of co-
ordinating tzst results. It does not necessarily restrict
the avplicebility of the rasults to th= refsrencz2 aship -
providad that the ranges of change of the varimables ars
sufficlently wid=.

The radiating chart (fig. 1) shows the thres grouvps °
into which the variables fall naturclly:

Grouvo I - W#elght And In-srtia Iomding
@roun II -~ Aerodvnamic Conditions
Groun III - Hull Form

and also the comrorent variables of asch groumn whiclk heve
b=2en covered, to date, by the exnerimente, Tt willl De
gseen that the lasgst grouv ig sudbdivided irto

@Group IIIA - Afterbody Form
Group ITIF ~ Forebody Form
Group IIIE - Hull Form (As m Whole)

The dimensions and particulars considsr-d as "normal!
for ship and model (1/30 scale) are given in table I. The
basic hull lines are shown in figure 2.

- Condensed summary figures of test results (figs. 6 to
30) include all the pertinent data: all conclusions or
gAneraligations are bas«d on the ranges of change of the
variables ‘which they show. Had the r~ngas of changed .
been extended "ad absurdum," scmn of‘the conclusions and
genernlleations vwould undoubtedly have been aAltered,

-
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TEST METHOD

Tegte of a dynamic model, complete with wings and

" tall surfaces, are a recognized method of investigating

the porpoieing characteristics of individual flying-~boat
and geaplane designs (references 3 and 4). Difficulties
inherent in this method are

(1) That the magnitudes and the influence on
porpolaing of the separate asrodynamic and hydrody-
namic components of the varlables involved are not
easlly evaluated .

(2) That scale or interference effects may
easily prevent accurate reproduotion:.-of the full-
selze aerodynamic forces and moments

(3) That the time and cost involved in conatruct-
ing and eltering models is high

The method used in the present investigation was de-
signed to overcome these difficulties as far as poselble
and to permit direct studles of the hydrodynamlic charac-
teristics under rigidly controlled "aerodynamic% condi-
tione. A dynamic model of the hull 1s used without wings
or tail surfaces. The equivalent of the aerodynamic
forces and moments are applied by

(1) A calibrated hydrofoil for 1ift forces and
force derivatives

(2) A calibrated spring and a calibrated dash-
pot for aerodynamic moments and moment derlvatlves

All these are readlly adjustable to produce magnitudes
corresponding to any desired alr structure.

DESCRIPTION OF APPARATUS

A diggrammatic sketch and a photograph of the appa-
ratus used in the porpoising experiments are shown in fig-
ures 3 and 4.

The main frame is fitted with vertical tracks gulded
by rollers so that it is free to move vertically but
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otherwise restralined with reespect to the towing carriage
of the tank. The model is attached to the forward end of
thie frame through pivots at the center of gravity which
allow freedom in pitch; the after end of the frame carries
the supporting column for a hydrofoil. This frame-trans-
‘mites the 1lift of the hydrofoil to0 the model; its weight,
with all the attachments moving with it, is a part of the
groses welght of the model. '

" The walking bean, pivoted on the maln frame, changes
the angle of attack of the hydrofoil in proportion to
changes 1n the angle of trim of the hull., Through the de-
slgn of the hydrofoll i1tself, and by means of the adjudt-
ments provided, the aerodynamic 1ift can be made to corre-
spond to prescribed values of

Z, 1lift at arbitrary trim angle (IL,)

Zg rate of change of lift with trim angle (dL/d4T)

Zw rate of change of 1lift with vertical velocity (dL/dw)

A torsion spring, mounted 1n the axis of the model
pivot, 1s provided with the necessary adjustments for mak-
ing the resultant aerodyrnremic moment correspond to pre-
scribed values of
Ho moment at arbltrary trim angle (Mo)

Mg rate of change of moment with trim ahgle (dM/4dT)

The dashpot shown is provided with a number of call-
brated pistons which, together with ad justment of the
radius of action, provide for making the aerodynamie tall
damplng moment correspond to prescribed valueas of

M, rate of change of moment with angular velocity (aM/dq)

The following two eserodynamic derivatives are neg-
lected in this arrangement of the apparatus:

Z, rate of change of 1i1ft with angular velocity (aL/dq)

M, rate of change of moment with vertical velocity (aM/dw)

A seriesg of epeclal tests describded later, confirmed the
assumpiion made in designing the apparestus thet these two
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derivatives probadbly had negligible effeocts on the stabil-
ity limits,

Graphical records of porpoiesing are obtained from a
sc¥®ber, attached to the model and located at an arbitrary
height directly above the center of gravity whemn T = 0,
which moves over a smoked glase fixed with respect to the
towing carriage. The records are reproduced photograph-
lcally.

The drive gear of the Stevens Tank is arranged to
provide a serles of fixed, reproduclidble speeds. A de-
scription of the tank will be found in reference 5.

TEST PROCEDURE

All tests were made at constant speeds and in subd-
stantlally estill water, It 1a considered that tests at a
steady epeed are more likely to bring out porpoigling tend-
encies than accelerated tests, becanse they allow time for
any instabllity to develop. In all cases in which propois-
ing occcurred, a steady-siate oycle waes developed after a
very few initial transient cycles. It was found that the
transient cycles depend upon the amplitudes of the initial
disturbances which gtart porpoising, as compared with the
steady~state amplitudeas, a larger number of transient
cycles occurring when the initlial disturbances are rela-
tively emall and a smaller number when the initlpl dis-
turbances are relatively large.

The amplitude of the final steady-state cycle 1s
largely unaffected, however, by the megnitude of the ini-
tlal disturbances and 1s therefore s convenient measure
of the inherent porpoising tendency under given condi-
tions. The principal requirement in testing 1s that the
initial dlisturbances shall be sufflcliently severe to in-
sure’'development of the steady state within the limite of
the test run., To this enéd the model ias accelerated rapidly
in a distance equal to about three or four timee its own
length,

The tests under each combination of hull form, aero-
dynamlc conditions, and loading followed the same basioc
program. In detail:

(1) Tests were made at each of a number of fixed
speeds, covering the range from a little below the
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hump to get-away 1in approximately equal steps.

(3) At each speed, tests were made with varia-
tiong of the applied moment (corresponding to result-
ant aerodynamic moment), covering a range sufficient
to produce trim angles embraoing the upper and lower
htahiliuy Iinits, as.ordinarily defined. The moment
setting (corresponding to elevator setting) was not
altebed during the course of any one test.

(3) &t each spesd and applied moment, a test
was maede with each of three values of the tall damp-
ing dH/dq corresvonding consecutively to one-half,
one, and two times the normal value given 1in table I,
unless stabliity occurred with lesas than the maximum
of these vaines., In the latter event no further
tests wogre made. When the maximum value falled to
cause stability, an additional test was made with a
large excess of tail damping to define the steady-
motlion attitude.

(4) The tests with normal particulars were made
first and were carried out very completely. In the
later teste with modified particulars, certaln caces
were omitted which the first tests had shown to be
relatlvely unimportent.,

(5) Graphical records were made of the steady-
state, fully developed, porpoising cycle for all
tests in which propolsing cccurred.

(6) The stability 1limit is arbitrarily defined
as the trim at which the total sweep in trim angle
during porpoising (that ie, the double amplitude) is
2%, Thie derinition 1s of grestest significance in
connection with lower-limit porpoieing, where the
anplitvde tende to blow up progressively; in the
case of upper-limit propoieing, which tonds to start
suddenly and mey often consist princlipally of vertl-
cal motion, an arbltrary definition of the stability
limit 18 largely unnecessary.

The limits shown in the charts are for normal
tall damping, and are lifted from auxiliary charts
of the sweep measured on the graphical records
agaelngt the gteady-motion trim angle, at constant
speed.
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ACCURACY

fhe accuracy of the readings from the various varts
of the mpnaratus and to’ing gear has bean chacked by fre-
quent calidbration, »nd 1t 1s belileved that tha valu-=s
used in preparing the curves sre correct within the fol-
low'ng limlts:

Speed, foobt Der second . . . . . . . . . 4 e . . ., F.01
Resistence, POURA .+ ..+ = o +.+ + « s.s 2 +,. o « *0.01
Trim, GEETEE . . o o o s o + o « s s o« s s s o o« o F0.3
Trimming moment, mouvnd-ineh . . . . . . . . . . . #£0.1
Disvlecement, mound . . . . . . . .« & s+ & s . « « *T0.05

Another method for anpraising the mccuracy of the
t28tgs 18 to compar= the reoroducidllity of fully daveloped
vorvoising cycles. When the abpparatus wns first nut into
uga, this mattar was glven conslderable mattentlon. It wag
found that records of morvolsing cycles obtainad At inter-
vals of s=veral months, under presumadbly identical condi-
tions, were as nearly alikas as they¥y could b= measured.

In A mora recant cags, two modsls bullt to the same lin=ag
and tested 2 y2-rs aAaprrt gave practlicelly idsntical re-
sults over the entire spaad rangs. Thus 4t was not con-
sldzred worth while to c¢arry on Aany systematic nrogram of
check teste during the nrersert investigation.

The mod=ls Wers very carafully constructed and it 1is
belirved thet the avarage devistion from tha lines was not
more th-n £0.01 inch. Spzacial car= was taken to oroduce
sharp edges =2t the step ond chinss and to Aavoid erny smnll
local irrsgularltles. Th2 models w=re made of white oine
and covered with four conts of spnr wvarnish rubbed down
to a very smooth finlsh with wet sandvaper hetween coats.
The aver>ge length of tlme raguired to construct a model
wag mhout Y& man-hours with an ndditional € man-hours for
setup nraperatory to testing,

TEST RESULTS

Tha graphical rsescords of the test results wers
nountad directly omn largs charts, one for each sat of
particulsre., One of these larpge charts, for the refer-~
snce ship, h=sgs been gufficlantly reduced in gizs to p=r-
mit including 1t in this remort and is shown sg figure §,
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This type of chart 1s oconsidered an important presentation
of the results because it provides a complete comprehen-
slive view of all the porpoising characteristics under a
g€iven set of particulars and not merely of the stabllity
limitse.

Description of Large Chart - One for
Each Series of Tests (fig. 65)*

(1) The ordinates are trim angles that are meas~
ured from the base line, which makes an angle of 2°
with the forebody keel; the absciesas, speeds.

Speed scales are given for model and shilp speeds and
for the speed coefficient OCy. The Stevens Tank

speed numbers for the various fixed speeds at which
tests were made are given at the foot of the vertical
lines drawn at these apeeds.

(2) The graphical records of porpoising are
placed on the chart with the small cross, which in-
dlcates the gteady-motion attitude, at the height of
the observed trim and longitudinaglly to the right of
the vertical speed line, on this line, or to the
left of 1%, depending upon whether the tail damplng
was one~half, one, or two times the normal tall damv-
ing, respectively. Values of the tail damping are
indicated at the tops of the vertical speed lines.

(3) A circle with alternate gquadrants blacked
indicatea that a test was made but that the motion
was stable.

(4) The records are placed on their sides, so
that increasing heave corresponds to progression
toward the left of the chert and increasing trim,
progression toward the bottom. The short horizontal
and vertloal lines, respectively above and to the
right of a record, indicate zero trim angle and zero
heave from the static flotation correesponding to
140,000 pounds in the ship.

(6) Notee are given defining the ranges of trim
angles within which the forebody or afterbody was
observed to be "wet" or "clear,"

*This description appliee particularly to the larger size
of these charts, In reducing, for fig, 5, certaln detalls
have been omitted,
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(6) The thrae curves renresent the free-to-trim
track® for the hull in steady motiton, the uvver gta-
bility limit, and the lower stebility 1limit.

(7) The stebility 1limit 1s arbitrarily defined
ng the trim At which the total gveap in trim angle
during norpoising 1is 2%, The 1imite shown are for
noresl tail damping And are 1ifted from auxillary
charts of trim ewaeen, As memnsured or the graphical
records, Plotted Aagainst steady-motion trim anple nt
constant spe-ad.

In order to permlt readv comvarison of the test ro-
sults, the statility limits have been taken off the larpe
charts describded above and presented 1n the form of sum-
nary flgures, each of which shows the stability limits
for all the modifications of one variable. Thesa summaAry
filgures congtitute the princiral presentation in this re-

port:
Descrintion of Summary Flgures - One for All Modificatlons

of Each Variable (figs. 6 tn 30)

Trim apgzle ageinst speed (at the tov)
Included ars:

Stabllity limits (for 2" oscillation) -
80lild curves cross-hatched on
unstable gide

Free-to-trim tracks -
center~line curves

Take~off trim tracks -
dashed curves

Registnnce agalpst gpaad (in the middle)

Free-to-trim r=sistencas

I"The trim track corresvnonding to resultant aerodynamie
moments about the center of pgravity equal to zaro, as ob-
tainad by interpolation. It is for tha hull, mlane, and
not for the comrvleta alrvlane,.
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Applied moment and resietance againgt trim (at the
bottom) )

Crose plots at four fixed speeds 1ndicﬁ£éd
DISCUSSION OF RESULTS

The effects of each variable or modification covered
by the testes are diescussed below in gome detail. It 1is
intended that reference be made, in following the discus-

slon, to the summary figures described in the preceding
section,

It has been mentioned previously that the aim in lay-
ing out the program of experiments was to change only one
varlable at a time, thereby isolating 1ts effects. Natu-
rally the program was not entirely successful in this re-
spect; in certain cases, two or more of the variables
lisgted were found to conetitute easentially the same
change from a hydrodynamic point of view. Where this is
clearly the case, it is noted in the discussion,

Group I - Weight and Inertia Loadings (Chart 1)

(1) Modification of groess weight (fiz. 6)

120,000 pounds 86 percent
140,000 (normal) 100
160,000 114
200,000 143

Porpolaeing. 1Increasing the gross weight moves the
range of stabllity in the direction of higher trim
angles and leaves the width of the stable range vir-
tually unaffected. The speeds at which porpoleing
starts are delayed by increasing the gross welght,
and the free-to-trim track i1e shifted to higher trinm
angles in the vicinity of the hump., The free-to-trim
track tends to cut acroes the middle of the stable
ranges for all gross welights.

Reslstance, Not investigated (except for the normal
case).
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(2) Modification of moment of inertia (fig. 7)

0.816 x 10° slug-feet® : 60 percent
1.366 : (normal) 100
1.716 126
2.04g 150

Pornoising. Incr=aslng the moment of inertia re-
duces very slightly the range nf atabllity at low
spaeds. The orinclipsl consequencs of increasing
the momant of inertina is to increagse the rorvoising
amnlitudes under othearwise identical condlitions,
The rorpolsing freauency 1is rrduced also, annroaxi-
mately 'in proportion to tke increas=e in the racio-
rocrl of ths square root of the radlus of gyration.

ﬁgglgigngg. This modiflieatlion could not Affact the
reslistance.

(3) Modification of lcngitudinal position of canter of
gravity (fig. %)

87 inches forward of step 3.7 percent temrm forward of step

70 (norral) 43,2
50 30.8

The center of gravity was shifted by altaring the
location of the model pivots and rerellasting.

Since the hydrofoill 1ift 4is mvwplied through the
model pivots, this procedure is equivalant to =2ltar-
ing the center of gravity and the wing nosition asi-
multaneously And does not intrnduce an additional
moment dus to 1lift.

Porvoising. Shifting the center of gravity elthar

forward or aft has only A very slight affact on the
range of stabllity at moderate sneeds. The mrinci-
pal consaquence of shifting the center of gravity is
to shift bodlly the curves of mpplied mom=ant, the
reault belng that A different moment is reauired to
prcduce the same trim angle in steady mntion. As
would be expected, the reavirad change in annlied
moment 1s eaquml to the net weight on the watsr times
the shift of the center of pravity and the wing,

Registance. Not investlgated for the free-to-trim
condition (excevt for tha normal case),.



P

19

@Group II - Aerodynamic Conditions (Chart 2)

(1) Modification of wing 1ift 2, at T = 5%(fig. 9)

T h133 vsa Pounds " 67 percent
6.95 vaa (norm=sl) 100
9.27 v,° 133

Ch:nging the-wing lift was accomplished by changlng
the angle between the normal hydrofoll and the hull
base line.which simulates » change in the incldence
of the wing. This left 4L/dT and dL/dw. unchanged.

Porpolsing. Increasing the wing 11ft makes tha ste-

ble rangs =ppreclably wider, chiefly by lowering the
lovwer limit at moderats sreeds. The largest 1lift
tested prevented upner-limit porpoising at high
speads. Increasing tha 1lift lowers the frea-to-trim
track at modasrate apeseds Just mbove the hump, so
that 1ts relation e tha lower limit of stabllity 1s
virtually vnaffect+d.

Resistance. Not investlgated.

(2) VModificetion of wing 1ift rate 2z, (fig. 10)

0.34l vaa pounds ver degrae 75 mercent
0.458 v 3 (normal) 100
0.687 v 2 150

Changing the wing 1ift rate was accomplished bdPv al-~
tering the hydrofnll sigze. This produced a corre—
sponding change in the value of dL/dw. The 1ift nat
T = 5° was unchanged from the normal 1ift in all
cases. (In later tests, described below, d4L/dw

was changed independently.)

Porpolsing. Increasing the wing 1ift rate has prac-
tically no effect on the stabllity limits at moder-
ate spe~eds and decreases the range of stabllity very
8lightly At hligh speads. Tha freg~-to-trim treck 1is
unaffected -at mod«rate speeds Just over the humr.

BReslgtance, Not investigatad.
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(3) Modification of vertical velocity demping 2, (fig. 11)

0.458 vg pound-seconds per foot (nmormal) 100 percent
0.916 v, 200

By means of A speclally constructed dashvot which was
sttachad to affect only the haaving motion, the rate
of change of 1ift with vertical wvelocity was doubled.
This change in the apvsratus 1s shown in the second
sketch 1in figure 31. The teats were limited to three
speeds and to normal tail dmrmming.

Pornoising. Study of the vorvolsing ceyvcl=s on the
granhical records f~ilas to revesl any aonrecladle
differences when dL/dw 1s doublaed.

Registance. This mndification cnuld not aff-ct the
registance.

Note., The regultant aerodynamic moment ¥, 1is altered in
the course of each serles of t=2sts and 1s not bproperly
congldered an independent varihble.

(4)

(5)

Modificatlon of tall moment rate My, (fig. 12)

0.98 vg pound-feet per degrae 71 percant
1.37 vg (normal) 100
2.05 vg 150

Pporpnising., Incr=asirg the tall moment rate has:no
noticeable effect or elther stadllity limit or on the
range of stability. Tha largest moment rate used rp~
preclably reduced the sige of the steady-state cycles
in lower-limit porpoising at high speeds, and there
was also a tendency to suppredss upmer-limit porvoising
At very high speads,

BRegistance., Thils modificetion could nnt affect the
ragistance.

Modification of teil d-mping rate Mq (fig. 13)

0 x 104 vy pound-foot~saconds ver radinan 0 parcent
2.02 Vg 25
L.o5 Ve 50
8.10 Vg (normal) 100

16.2 Vs 200
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Porpoising. Increasing the damping due to the hori-

. sontal tail surfaces lowers the lower limit at all
speeds; the amount increasing with speed from nearly
gzero at the gpeed at which lower-limit porpoisIhg
starts to a very large amount at high speeds; at a
glven high speed, the effect on the lower 1limit pro-
gressively decreases ae the tall damping is increased,
Increasing the tail damping has no appreciable effect
on the poslition of the upper limit but -has a tendency
to delay the speed at which this type of porpolsing
starts. The largest damping used (twice normal) pre-
vented upper—~limit porpoising in the reglon of get-
avay speeds.

It 1e worth noting that, at 19 feet per second,; mod-
el spsed (about 70 mph ship speed), upper-limit por-
poising freauently could not be suppressed with 20
times the normal tail damping and occasionally 80
times was not sgufficient: In a few instances, lower-
limit porpoising was not entirely suppressed with 20
times the normal damping.

Resistance. This modification could not affect the
reslstance.,

(6) Inclusion of phase angle between q_xHq, and q (fig:14)

0° lagging (normal)
15°

25°
36°

It had been suggested that, in the full-size alrplane,
there might be a time lag between the pitching ve-
locity and the piltch damping moment produced by the
taill. Special tests were therefore run to investi-~
g€ate this matter. The phase angle was introduced dy
putting a small callibrated spring between the dsshpot
pleton and 1te pleton rod. Tests were run at approx-
imately the three lagging phase angles shown above,

at each of three speeds, end with various values of
the tall damping rate.

Porpoising., The test results showed that the great-
est of the lageging phase angles considered was the
only one which had any noticeable effect whatever
and that 1ts only effect was to raise the lower 1limit
very slightly at the lowest speed investigated.
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In order to make as drastic a change as posslidble, the

afterbody was removed. TYor these tests, the model of —-

the forebody alone was set up with an outrigger which
‘permitted Ballasting to keep the center of gravity in
the same location with r espect to the forebody and to
keep the moment of inertlia about the center of gravity
the came as for the complete hull, This outrigger

wvas placed high enough so that, in general, 1t was
clear of the wvater.

Porpoising. The tests of the forebody alone show
very clearly that the lower limit 1s attributable to
the forebody and that an upper 1imit does not exist
when the afterbody 1e removed., At moderate speeds
(Juet beyond the hump), the afterbody keeps the trim
angle down and prevents lower-limlt porpolsing; at

all higher speede, the lower-limit porpoising ls unin-
fluenced by the presence or absence of the afterbody.

Reslistance. Removing the afterbody decreases the
reslstance at high speeds in the region where an
afterbody would ordinarily be wetted by spray coming
off the forebody. In the reglon of the hump, remov-
ing the afterbody allows the trim to increase and
large increases of resistance result. Also, the
water load otherwige carried by the afterbody must
be carried by the forebody. The forebody therefore
rides deeper in the water, causing an additional in-
crease i1n resistance,

Remarks. These experiments suggested the concept
that the forebody and the afterbody are essentlally
separate parts of the hull, serving different pur-
poses, and that to a considerable extent modifica-
tions of each may be studled independently of modi-
fications of the other.

4 comparison between the charaoteristics of the com-
Plete hull and those of the forebody alone revesls,
in partioular,

(a) That the afterbody 1s useful only in the
lower half of the speed range to take off
and that its presence at' higher speeds 1s
entirely detrimenteal
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that, at rest and at "displacement" speeds,
it provides flotation

that, at moderate speede up to the hump, it
controls trim and resistance and prevents
lower-limit porpoising

that, at planing speeds, it 1s the direct
cause of upper-limit porpoising and some-
vhat lncreases reslstance

(b) That the forebody is entirely self-suffi-
clent at planing speeds and needs no help
from the afterbody

These indications suggest clearly that the forebody
is the main hull and that the afterbody 1s an append-
age, the function of which is to control trim (by
providing nosing-down moments) until true planing of
the malin hull 1s establighed.

(2) Modification of afterbody angle (fig., 17)

ag between forebody and afterbody keels
3
40
50
60
0

7
9%°

12°

(normal)

The afterbody angle was increased by rotating the
afterbody at the model deck and shifting 1t verti-
cally e0o that the step helght was unchanged; it wae
reduced by rotating the afterbody at ite keel, leav-
ing the step helght unchanged.

Porpoleing. Increasing the afterbody angle raises
the lower limit at moderate speeds and causes 1t to
start at a slightly lower speed but has no appreci-
eble effect on the lower limit at high speeds; the
upper limit 1s raised gnd, with the two greatest
afterbody angles, the upper limit 1s suppressed at
high speeds. ZReducing the afterbody angle lowers
the lower limit gt moderate speeds and shlfts 1ts
starting point to progressively higher speeds bdut
again hag no effeot on the lower limit at very high
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epeeds. The upper limit is lowered at all speeds.
and its starting point shifted to progressiveély
higher epeeds. With afterbody angles less than nor-
mal, the high-speed upper—~limit porpoising becomes
increasingly violent as the angle 1s reduced.

Reslgtance. The afterbody angle for optimum hump re-

sistance appears to be about 3H° for this hull; with
angles greater or less than this the hump -resistances
are considerably inocreased. This is consistent with
the findings of reference 6 in a general way. At
very high speeds, the optimum trim and resietance are
not particularly affected by afterbody angle,

(3) Modification of afterbody lemgth (fig, 18)

2.25 times beam at main step
2.76 (normal)
3.235 '

The afterbody length was altered by applying a con-
stant multlipller to the station spacing and moving
the atatlone in or out along the afterbody keel,
Thue the afterbody angle and the step height were
unchanged.

Porgoieing. Decreoansing the afterbody length ralses

the upper limit slightly and has onrly a very small
effect on the lower limit at moderate speeds Just
past the hump; the speed range over which the free-
to-trim track passes below the lower limit is
lengthened slightly. The shortest afterbody tested
stopped high-speed upper—~limit porpoising in the
present inetance. The effects are generally simllar
to thoee resulting from modifying the afterbhody
angle,

Besistance. Only the free~to-trim resistance was in-

vestigated in thie case, Increasing the afterbody .
length lowers the hump reeistance somevhat. The

shortest afterbody uneed had a very high resistance

peak Just before the true hump, though this presum-

ably might have been eliminated by relocating the

tail cone. g oo e -
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(4) Modification of afterbody chine flare (fig. 19)

Chine flare removed
Normal
Extended

The normal afterbody chine flare ends abruptly, form-
ing a partial step a little forward of the stern
post. Two modifications were tried (1) extending

the chine flare aft so that it washed out at the
stern post (2) removing all the chine flare.

Porpoising. Extending the afterﬁody chine flare

lovers the lower 1limit very slightly at moderate
speeds and leaves the upper 1limit practically unaf-
fected. Removing the afterbody chine flare ralees
the lower limit slightly at speeds Just beyond the
hump and raises the upper limit elightly, and pre-
vented high~speed upper-limit porpoieing in the
present tests.

Heslgtance.- Removing the afterbody chine flare

causss a high peak in the resistance before the true
hump and slightly increases the true hump. The very
high peak appeared to result from water clinging to
the afterbody sides and running up the tail cone,
Removing the afterbody chine flare had almost no ef-
fect at high speeds. Reslistance tests were not run
with the afterbody chine flare extended.

(6) Modification of height of main step ~ firet series
(fig. 20) :

l percent of bYeanm

3

6 (normal)
7

The step height was altered in this serlee by shift-
ing the entire afterbody vertically with respect to
the forebody.

Porpoieing. Increasing the step helight in thils way

ralses the lower limit at moderate speeds Jjust past
the hump dut has no appreciadle effect at higher
speeds. The upper limit ie raised at all speedes and
upper~limit porpolising at very high epeeds is sup-




27

pressed. When the step height is decreased, the vio-
lence of the high~gpeed upper-limit porpolsing 1g
progressively lncreased untll, with the lowest helght

-tried, this type of’ porpoising 1o’ exceptionally vio-
lent in the region of get-away.

Reglstance., Only free-to-trim resistance was lnves-
tigated. Increasing the step.helght -slightly -in-
creases the hump resistance and reduces the high-
speed resietance. - Thege indications are consistent
with those found 1n reference 7. .

(6) Modification of height of main step ~ second series
(fig. 21)

1l percent of beam

5 (normal)
9

13

The step helght was altered in thle serles by rotat-
ing the afterbody about the intersection of the
afterbody keel and the ptern poest in the normal hull.
Thue the position of the stern post was unaltered.
The tests were carriled to a greater maximum step
height than in the firat series.

Porpoleing. Inoreasing the step height in this way.

has practically no effect on the lower-limit at any
speed or on the position of the upper limit. The
step heights greater than normal again suppressed the
high-speed upper-limit porpoieing and the 1 percent
step height gave exceptionally violent high-speed
upper-limit porpolsing.

The position of the free~to-trim track Just paet the
hump 1s not affected when the step height 1s altered
in this way.

Reslstance. Increasing the step height has practi-
"cally no effect on the true hump but decreases the

peak before the true hump, 4t very high speeds the
resistance appears to be slightly decreased by in-

oreasing the step height to greater than normal.

(7) Modifications of afterbody dead rise at stern poat -
no ohine flare (fig. 22)
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-10: dead Tise at afterbody stern post
0

100 . .

200 ] (normal)
300

The afterbody was warped by leaving the dead rise at
the main step unchanged and altering the dead rise
at the stern post; the buttocks were kept stralght
lines. The step height and the angle of the after-
body keel were unaltered. No afterbody chine flare
vas used. .

Porpoising. Decreasing the afterbody stern-post

dead rise has practically no ¢ffect on the lower
limit at any speed but lowers the upper-limit at all

" speeds. Possibly because of the absence of after-

body chine flare, the high-speed upper-limit porpols-
ing was suppressed in all cases. The stern-post dead
rise which causes the greatest suppresslon of the
high-~speed upper-limit porpoising was found to be
about 10°, JFrom the standpoint of upper-limit por-
poising, stern~post dead-rise angles between 100

and 20° appear to give the best all-round results,

Regigtance. Decreasing the afterbody dead rise at
the stern post causes an aporeciable decrease of the
discontipuilty that appears before the hump. The
true hump resistance is also lowered but to a much
lesser extent. At very high speeds, the resistance
is not altered materially, dut 10° dead rise appears
to be about the best angle.

(8) Ventilation of main step for step height of 1 percent -

rough preliminary trial (fig. 233)

g:n::;:tizzioﬁ} Step height 1 percent beam
Yentilation of the main step was accomplighed dy
shifting the afterbody (set for 1 percent step
height) aftward along its keel by 5 percent of the
beam and leaving open the gap thus caused. The
afterbody angle remained unchanged from the normal,
The tests are looked upon as very preliminary in
nature.
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Porpolsing. Ventilating the main step in this way

raises the upper limit glightly and entirely sup-
presses high-speed upper-limid vorpoising. The
lower limit was not investigated.

The effect of this ventilation, even though impos-
sible to construct from a practical viewpoint, is
remarkable in that 1t suppressed entirely the very
violent high-speed upper-limis porpoising (the most
violend yet emeountered) which occurred with an un-
ventilated 1 mercent sbep.

Begligtarse. Not investigated.

Group IIIF - Forebody Form (Chaert 3)

Drawings of modifications are shown in figure 33. The
manner in which the various modifications were car-
rled out should be esspecially noted.

(1) Modification of forebody form - first series of warp-
ing (fig. 24)

Constant section (mimimum warping)

Normel ferehady

Linear deed-zise varistien (meximum warping,
dead rise ¢hanges 9.7° per beam forward of

A step)

The first forebody in this group had the same length
as the norz=al forsbody, but all the sectlors of the
normal foretcdy were ccmpressaed into the forward
half. The after half had the uniform seotion found
at the main step in the normal hull,

The third model was constructed with a linear varia-
tlon of dead rise from the forepoint to the maln
step. The step section, the profile, the chine plan
form, and the dead riee near the forepolnt{ were un-
altered.

Both models were tested with %$he normal afterbody.
These models may be consldered as belonging to a
group 1n which warping of the forebody bottom near
the step 1e the variable, the change of warping
being small between the f£irst and the normal models
and large between the normal and the third rodels.

’
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Porpoising. Inocreased warping of the forebody bot-

tom lowers the lower limit very materially at all
except the very lowest speeds and very slightly
lowers the upper limit at all speeds. At hump
speeds, increasing the warping of the forebody bot-
tom has no great influence on the free-to-trim track
but }overs it materially at higher gpeeds.

. Resistance.. Increaeing the forebody warping in-

creases the hump reeistance appreciabply, and also in-
creases the resistance at high speeds when the after-
body is clear. This is consistent with the findings

of reference 8.

(2) Modification of forebody warping - second series

(fig. 25)
Dead-rise changes 0: per beam forward of step
) 2.7Y.
5.49°
8.19
10.8°

The forebody warping in each case was linear from
step to forepoint in exactly the same manner as in
the linear-dead-rise~variation model referred to
above, This resulted in having very low dead rise
in the forward half of the forebody 1n most cases,
The series was buillt to explore the effect of fore-
body warping more systematically than in the firgt
geries. *

Pogzoising. Increasing the warping of the forebody
bottom very appreciably lowers the lower limit at
high speeds but only slightly at speeds Just, beyond
the hump.: The upper limit is also lowered, but to a
very much less-extent, Increasing the warping of the
forebody lowers the free-~to-trim track at high speeds.
These effects are similar to those found in the first
series,

It was found that the two models with a dead-rise
change of 0° per beam and 2.7° per beam had noticea-
ble tendencles toward diving at very high speeds and
low trim angles. This is undoubtedly due to the bow
sections having insufficient dead riee and is of 1lit~
tle interest here. . ) -~

EIRGEY A SE I e
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Resistance. Increasing the forebody warping in-
creases the resistance, at both the hump end planing
speeds.

(3) Xodification of forebody length (fig. 26)

3.82 times beam at main step
3,44 (normal)
4,07

The models in this group all used the same forebody
sections; the alteration consisted of applying a con-~
stant multiplier to the station spacing. The sta-
tions were shifted in or out parallel t9 a line tan-
gent t0 the normal forebody keel at the step. The
multipliers for station spaclng were the same as for
the modifications of afterbody length (group IIIA,
chart 3).

In the planing range, the alterations in thig group
may be congidered as constituting smell changes 1in
the warping of the forebody.

Porpoising. Decreasing the forebody length slightly
lowers both the lower and upper limits., With the
shortest forebody, the hull swamped at spesds below
the hump; no difficulty was found at high speeds,
however, when steps were taken to support the model
while 1t passed over the hump.

Reslstance. Decreasing the forebody length increases

the hump resletance appreciably and the resistance at
Planing speeds slightly.

If the alterations are considered as changee of fore-
body warping near the step, then the trends in re-
sistance and porpoising are the same as for the two
preceding series.

Group IIIE -~ Hull Form (Ae a Whole)(Chart 3)
Drawinges of modifications are shown in figure 33. The
manner 1n which the various modifications were car-

rlied out should be esvecially noted.

(1) Modification of hull length (fig. 37)
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.5.07 times beam at main step _
6.19 . . (nermal) -

7.32

The hull length was altered by Joining the altered-
length forebodies (group IIIF) to the similarly al-
tered afterbodies (group IIIA). The step height and
the afterbody angle remained unaltered.

Porpoising. Increasing the hull length lowsers the
lover limit very slightly at low speeds and raises it
8lightly at higher spe~ds; the uvpver limit 1g lowersd
very slightly. The free-to-trim track in the region
Just past the hump, where it is important, 1s virtu-
Ally unaltered.

Resistance. Increasing the ‘-hull length very appre-
ciably reduces the hump resistance. At planing
speeds, the resistancs 1s very slightly reduced.
These effects =re consistent with those mentioned in
reference 8. ’

(2) Modification of hull dsad rise (fig. 28)

0.5 tdmes normal dead rise at-ench station (10° at atep) -
1.0 _ (20° )(norral)
1.5 (30° )

The hull dead rise was rltered bv multinlylng the
derd rise at each station by the same constant. The
keel profile was unaltered, but the chinas were
changed as necessAary. Thae chine flar=s ware in-
creased in-oroportion to the dead rise.

Porpoising. Increasing the hull dead risa raises

the lower l1limit qulite materislly and lowers the upver
limit scmewhst. Thae spesade At which both the uvver
and the lower limits start are prograssively increased
with increasing kull desd rise. .

In the vicinity of 14 faest mar second, model spaed
(about 55 mph for ths ship), the upver and lower
11mit3 almost come togeth>r whan the hull dmsad rise
is 10°. Thus it would be nearly imvossidble for such
2 hvll to take off without passing throvgh a region
of instability. Jhen the dend rise is 30°, there is
only a small gap between the upper and lowar limits
at speceds near get—away.

2t b

g . hedor, B 2ol
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Replstance. Increasing the hull derd rise increasrs
the resistance apnreciably at all planing sne=ds.

The true hump resistancs 1s not greatly affected but
is least with 20° hull dead rise. Jith both 10° and
300 dead rise, the afterbody chine flare ~pnesared in-
suffliclent to prevent coneldarable slda Aand tall-cone
wetting At low sp=2erds And, thus, s large resistance
penk before the true hump. Thesa findings are in
genernl Agreement with thoss in raferance 6.

Spray. No measurements wers mads of volume or height
of the spray, btut increasing the hull dend rise ap-—
pearcd to lower the height of the spray snd to make
the hull much cleaner running.,

(3) Modification of longitudinmrl steo pnsition (fig. 20)

541 inches aft of forepclnt (shifted 10.5 rercent beam Forward)
558 (hormal)
578 (shifted 12.4 percext beonm =uft)

The lengltudinal nngition of the meln gten Wwaa altared
by axtending or choorins off the nripgineal forebody and
alteringe the afterbody length in the obnnglite sense,
The aten helght, the angle between the afterbndv ksel
and bese lins, and the longitudinal location of ths
stern pnst were kept unalterad.

The net result 1s that of cordbinling several of the
modifications alrendy consid=sred. ‘han ths step is
moved forwmard, the forebody 1s shortened and its
warping very slightly incremased, the afterbody is
lengthened, aAnd the aftarbody sngle is in effrect
slightly reduced; also, the center of pravity 1is
farther aft relative to the step.

Thig modification wos lncluded mainly becruss shift-
ing the step 1s A relatively simnle change to carry
out in full sigze.

Porpolsing. Moving the mesln sten forward lowers tke
lower limit very sllightly at all spe=ds, as might be
expected from the slightly lncreased warning of the
forebody bottom. -The upper limit is sliwhtly lowered
at all sperds, Aagalin As might be expacted from the
decrensed equivalent aAfterbvody angle. )
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Moving the main step forward has substantlally the
same effect on the moment curves as shifting the
center of gravity aft by the same amount. The shift
of the moment curves is equal to the welght on the
water times the distance the step 1s moved,

Reglstance., Not investigated,

(4) Modification of plan form of main step (fig. 30)

45° gwallow tall
Transverse (normal)
46° Vv

The plan form of the main step was altered without
changing the keel lines of elther the forebody or
the afterbody. The amount of planing ares shifted
aft of the normal transverse step was balanced by
removing an equal area forward of the normal transe-
verse step., Thie left unaltered the "mean" trane-
verse step and.slep height.

Porpolsing. In going from a ewallow-tall step to a

V-gtep, the position of the upper limit is raised
appreciably and the intengity of the upper-limit
porpoieing, increased. At moderate speeds the V-astep
loweras the lower limit, sréd the swallow tall ralses
1t., The situetion is reversed at high epeeds bdut

the effects are not so marked.

Registance, The plan form of the main step dces not.
bave any apprecishle influeunce cn the true hump re-
slstanc reference 9 ), The V-gtep, however, de-
creases the helght of the peak 1n the resistance
curve before the true hump., At high sveeds, the V-
step appearas to have highest reslstance and the awal-
low tail the lowest resistance in the region in

which the afterbody is wetted,

COMMINTS ON THE TESTS

In a broad sense, lower-limit porpolsing and upper-
limit porpoieing are distinguisked, beyond the difference
in the general region of trim angles in which each ooocure,
by the differing character of the porpoising motions.
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Lower-limit porpoising is largely a phenomenon of the fore-
body alone, while upper-limit porpoising depends upon dboth
the forebody and the afterbody and their relation to each
other, In lower-limit porpolesing, the motion 1s smooth
and regular and the afterbody 1s, in general, clear of the
wvater, In upper~limit porpolsing, the motion is very 1ir-
regular, though consletent in successive cycles in a given
case, and the hull appears to be thrown back and forth,
the forebody and afterbody alternately carrying the bulk
of the water load; the motlon tends to have large amplil-
tudes in heave and relatively small amplitudes in pltch,

By referring to the chart in figure 5, which showe
the graphical records of porpoising for the normel air-
plane, it is apparent at once that the amplitude of lower~
limit porpolslng 1g relatively insensitive to changes to
trim angle and damping rate at speeds near the hump dut
that 1t becomes increasingly sensltive to both as the
spoed lncreanmes and is extremely senslitive at high speeds.
This meang, in effect, that from a practical point of view
lower-1limit porpoising i1s much more dangerous at hlgh
speeds than at low,

Upper~limit porpoising starte at higher speeds than
lower-limit porpoising, It develops very suddenly as the
trim angle exceeds that at which the afterbody takes an
appreciable fraction of the load, though a large change
of moment 1s ordinarily required to bring this about,

The droop of the upper-limit curves with increase of speed
appears to be caused by progreesive changes in the shape
of the roach left by the forebody, As opposed to lower-
limit porpolising, the amplitude of upper-~limit porpolsing
1s ordinarily quite insensitive to changes of damplng
rate and to the speed; the motion is essentially violent
at all times. The speed range over which it ococurs can
often be elightly reduced at its ends by increased tall
damping; at speeds in the middle of the range, however,
increasing the damping rate to 80 times normal quite fre-
quently has little effect. .

A few special tests were made under the normal par-
ticulars to explore the range in trim angle of upper-
limlt porpoising.  The indication that upper-limit por-
Polsing was encountered when, with increaeing trim angle,
the afterbody would have taken an appreciable, fraction of
the total load i1f the motion had remained steady suggested
that this type of porpoising might be eliminated and sta-
bility reestablished if the bdPulk of the load were trans-
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ferred to the afterbody. This was found to be the case.
Very large stalling moments -~ far beyond any magnltudes
poseible in practice ~ wa¥e required, as had been antic-
ipated, and the return €. stable motion usually ococurred
only when the forebody came clear - the entlire load then
being supported by the afterbody. What had not been an-
ticipated 1s the fact that the trim angle under these con-
ditlods can be less than that of the ordinary upper-limit
curve,

CONCLUSIONS

Group I -~ Weight and Inertias Loadings

l. Increasing the gross load ralses the trim angles
at wvhich both the upper snd lower limite of stablllity oc-
cur and delays their starting to higher speeds.

2. FNelther moment of inertie in pltech nor the center-
of-gravity position has any appreclable influence on the
limite of stability, though the latter has a pronounced
effect on the moments and thue on the available trim range,

Group II - Aerodynamic Conditions

1. The actual 1ift at arbitrary trim Z, and the
rate of change of 1ift with trim 2Zg are the only aero-

dynamic variables which influence the positlon of both
limits. It will be noted that these two variasbles, 1in
contradlegtinction to any other aerodynamic variables, af-
fect the net load on the water in steady motion.,

3. The aerodynamic pitch damping rate Hq has a

large effect on the lower limit of stabdlility at high
speeds, but ite effect decreases as the damping 1la in-
creagsed and is much less at damping ratee near normal
than at lower damping rates. The damping rate has prac-
tically no effect on the upper limit of stabllity.

3. Y¥one of the other aserodynamic derivatives has
appreciable effects on elther stabllity limit.
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Group IIIA - Afterbody Form

l. MNModificatliong which raise the stern post have
the following general effects:

(a) To reise the upper limit and,. if carried
far enough, t0 suppress upper-limit porpoising at
high speeds

(b) To raise the lower limit in the vicinity
of the hump

_ (¢) To raise the free-to-trim track in the
viocinity of the hump and the hump resistance

They do not affect the lower limit at high speeds.

2, High-gpeed upper-limit porpolsing was suppressed
in the present tests by increasing the step height, by
ventilating the step, or by removing the afterbody chine

flare. This point needs further investigation,

Group IIIF -~ Forebody Form

I. Modifications which increase the warplng of the
forebody bottom lower the lower limit of stabllity very
appreclably end the upper limit very slightly. .

Group IIIHE -~ Hull Form (As a Whole)

l., Increaeing the hull dead rise ralses the lower
limit appreciadbly and lowere the upper 1limit moderately.

2. The gstep position has very little influence on
the stability limite, 1ts chief effect being to shift the
momeht curves, as in the case of a senter-of-gravity shift,

3. Ohanges of hull length have the combined effects
of independent changes of forebody and afterbody length,

4, A svallow-tall step has less intenee high-speed
upper-limit porpoising than a normal transverse step, but
the usual step has on the whole better stability charac-
teristice than either the V- or swallow-tail gtepse. :

Experimental Towing Tank,
Stevens Institute of Technology,
Hoboken, N, J.
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DIMENSIONS AND PARTIOULARS (NORMAL)-FOR FULL-SIZE

FLYING BOAT XFB2M-1 AND

Dimenaions

Beam at main sten, in
Angle between forebody keel and
base line, deg . . .
Angle between afterbody keel and
base line, deg
Helght of main atep at keel, in . .
Center of gravity forward of main
step (26.58 percent M.A.C.), in .
Center of gravity above base line,

Gross weight, A, 1 . .
Load coefficient, Cp (sea water)

Moment of ilnertia in pitch, slug-ft
1b-in? .

Wing epen, ft . . . .« . . « &« . &
Wing area, S, s8q ft
Mean aerodynamlc chord, M.A.C., in .
Agpect ratio (geometric) . . . . . .

Horizontal tail erea, aq ft .

Flevator area, sq ft .

Distance c.g. to 35 percent M.A.C.
horizontal tail (tail length), ft

Thrust line above base line at
maln step, in
Thrust line inclined upward to
base line, deg

Tull-gize
Ratios NModel

1
Of velocitles, A

. Of linear dimensions,
Of areas, A®
Of volumes, A
Of moments, A L.
Of moments of inertia,

/a

T

88ee footnote on p.lO.

2h_SCALE MODEL

30
Full size ;Zio-sgale model

. . . 162 5.40

.. 2.0 2.0
.+ 5.0 5.0
.« o . 8.1 0.27
e« . TO 2.33

. . 146.7 4.89
. 140,000 5.19 f.w.
« <. 0.8
. 1.366 x 1o
. 6.328 x 10° 260
. . . 200 6.67
. . 3583 4.092
. . . 249 8.30
. . . 10.9 10.87
. . . 508 0.565
. . . 1437 0.160
e « s« b3.6 2.12
. - .« 230.3 7.68
.« e . 5.5 5.5
o e o« BUTT
- - v .. 3.0x10
s e e 9.0 X 10,
-+ ... 27.0x 10
c <. .. BlLOX 10,
e e o . o 2U3.0x 10




TARLE I
DIMENSIONS AND PARTICULARS (NORMAL) FOR FULL-SIZE FLYING

BOAT ZPBoM-~1 AFD 316-scu.m MODEL (Continued)

Aerodynemic characterlstics Full size 1/30-scale model
Cp, at T = 0 (relative to base line,
fleps, 30°) - - ¢ - 4+ 4 o - . . . . - 1.585 1.585

L oat T=5% ¢ o o o o oo o cuouao 6.95v§(c)7.72x10'“v9
L L . 0.1045 0.1045
dL/dT (dZ/de), 1bfdeg . . . . . . .. 0458 vz@ 0.509 x 1072 v@

dL/aw (dZ/aw), 1b-sec/ft %%) ..

dOMGG/daBL = dCMcc/dT (av.) . . . .. 0.0150 0.0150
aM /ar (aM/dp), 1b ft/deg (av.) . .. 1.365v@ 5.05 X 10> ¥®

0.458 v, 0.509 x10™° v

PaM/daq, 1b £t sec/radian . . . . . . . . 8020 X v, 9.90 X 10”2 v

aMjaw, 1b sec (ave) = o« v o o n . . TB3 XV, 2.90X107° v

dM/da

~ o IT%/YBA1EBN ¢ ¢ « ¢ s 2 o s » L ] o L] L]
il ft/radian 1 2_ 5 3.41
%ﬁ% /Tail length, 1/radian . . ... 1.6 1.61
Get~away speed, fPB « « + « o+ + . . . 130 23.Th
Got-away Cp . - .o ¢ o o o v 0. 1.890 1.890
G'et-a-way T. d.eg e & & o a2 9 v e« o s o 8-8 8-8

%All trim angles measured relative to the base line.
cCont.’c:!.tm.tion of horizontal taill surface only.
Subscript s 1a for full size.



NACA Fig. |

HULL FORM
GROUP I

——

POWER" OF
SECOND STEP

Fig. |




NACA

XPB2M-I| ' )\

LINE OF PARENT FORM /

866
ST

Station Numbers are Inches Aft of Forepoint on Full Size.

Fig. 2

t’\



L

TOWING CARRIAGE

ROLLER SUPPORT

WALKING BEAM

H

GUIDE ROLLERS

BALLAST
lge— SMOKED GLASS HOLDER

GLASS

A\

TRACK —2>

FRAMEWORK MOUNTED
ON TRACK

DASHPQ

™ REGORD BRACE

I—X

L 4

DASHPOT TRACK

MOMENT SPRING HERE

SCRIBER SUPPORT

A

LTS

VIOVN

WATER LINE

I”

F-_.-.-..-...-_.-M AU I Py

HYDROFOQIL SUPPORT

S~ HYDROFOIL
{CHANGES ANGLE WITH MODEL)

D

APPARATUS FOR PORPOISING TESTS

"Fig. 3

———
- /ém.

ar——

B




Figure 4, Apparatus for porpo




SCRIBER
POINTER PORPOISING CHARACTERISTICS o :mokb:l.ue ot EXPERININTAL Towine TANK
LiM1T TAken i MoDEL No.339-1 C Ps -L585 . NORMAL SHip | STEVENS INsTITUTE OF TECHNOLOBY
p ¢ ! ;g‘ XPB2M-| INS. FWD.OF MAIN STEP Hodowex, N.J.
OSCILLATION OF * MooEL SCALE =g C6{1407ins ABOVE B
2 DEORFES | wneworCO .
PITCH DAMPING, LB, FT. SEC./RAD. :
n—“'! 008 0055, QP47 Q124 QOO .02A3 Q41 QO71, @318 Q.IS 0.079, 0353 Q.77 Q0SS 0385 0.94 0037, 0424 OIT G.104, 0471 Q235 0.118, Q514 0.257 aiz8, 12
] STEADY MoTiON \ i
0 — \
i . i + — a@ va 1 MILD PORPOISING WHICH -
Li:."—- L +—r . —~— g L CAUSED TAKE OFF Ll
g1+ vee 30 + * fawag e g
i + 4 +1 9 !jn”"’"' Liniy - S
g.‘. ) ._r ) _H TI Y _l!
E _ -UW |- 1 FREE=TO-TRIN-TRACK B E
= -

I
|’

f’@'@‘! Y2 - - —_—l — ¥
EQuiLIBRIOM aj— T;‘ i

ATTITUDE

k

L SPEED Co;mcu+r. Cy—s |
L] %
|.L 1 T | |

|
0 n 18 -] 2 2l - 3
MODEL SPEED, FT. PER SEC.

+=T
f@;

-1
~
o}
—

Figure 5. ~ Stability limits and free~to-trim track for the parent model, showing the
graphical records of the porpoising cycles.

(3 F



EXPERIMENTAL Toﬁoe Tank
[STEVENS INSTITUTE OF TECHNOLOGY

VOVN

Trim ANGLE HOBOKEN, NL.J.
12 vs. :
Seee XPB2M-|
. A¢ 140,000. LBS.
FREE-TO-TRiM TRACK
4 /\v CHANGES
oF .
Z
—<—% GROSS WEIGHT
i MODEL SPEED, FT/sEC. RESISTANGE (POUNDS)
12 vs. 4 _ ,
g FREe-To-Thm Seeen 120,000 (86% OF NORMAL)
ResIsTANGE e N -1 140,000 (100% OF NORMAL)
2 140,000 160,000 (i1 4% OF NORMAL)
% 200,000 (143% OF NORMAL)
& — _
L L
5 15 20 25
] ! | L SPeeo, FT/sec. | [ ~— | ! I
?s’? 08 140,000 N\ _ o
E‘ « 140,000 ' 140,000 . §
v 804 o — o
EOIOE- 140,000 - i H
o
; -0 T T 7] Truaenc MOMENT
3 ° nzoaoo\ —140,000 140,000 120,000 200,000 60,000 a Rt?:ﬂ"a
= ' Trim AnNeLE
F -0 ! \ k'”’o?o ) 120000 '6?'000 1aa0ge 160200 20009 \ 40ap0 AT FIXED SPEEDS
T 8 4 8 2 r 12 r 8 2 |
Fig. 6 TRIM ANGLE, DEG. : '

9 *big




! ! J ! ! EXPERIMENTAL TowinG TANK
STEVENS INSTITUTE OF TECHNOLOSY
12 Trim vl;nm i HoBOKEN, N.J.
: Spe
= . . Juerer L XPB2M-|
6 /J- ALL ‘\\)4* 4 44 140,000 LBS.
FREE-To-TRIM TRACK / .02 W
‘ \/f/ [ = —— — S~ :
: /— »»,,,,,,,»’» MOMENT OF NERTIA
i I ] 0 s el S (sLuG FTExidy
-— 5 10 15 20 25 -
' MODEL SPEED, FT/sEC. RESISTANGE :
12 vs. - 0.82(60% OF NORMAL)
Free-To-Tow SPEED 1.37 (100% OF NORMAL)
08 sTCE — T~ -} 1.72(126% OF NORMAL)
~ \ 2.05(150% OF NORMAL)
04 T . .
1 1 i L
5 | 5 20 25
| aud | I |}100£L SPeep, FT/sec. | ' S ! ! '
7] o
2 uJos \M | i o
2 —~— ALL i v §
P B-04 — - %
E ¢|°E =~ - =
& |, \ 1 \ 1% (%8
: . ] TRiMMING MOMENT
20 8 RESISTANCE
: \ \ N A -
§ -0 l 1 | 1 l ] | ] ] ] ] ! AT FIXED SPEEDS
= 4 8 2 & 8 12 4 8 12 4 8 12
Fig. 7 TRIM ANGLE, DEG.

VOVN

L *Big-



— ! ! . ! EXPERIMENTAL TOWING TANK
. |STEVENS INSTITUTE OF TECHNOLOSY
TRIM ANGLE : HOBOKEN, N.J.
vs -
SPEED
XPB2M-I
| Ko R LT
;;o “% ALL iy, ~ A5 140,000 LBS.
FREE-70-TRiM TRACK / 10 S %0 \\'Op,
S N — -
//’— : oy CHANGES
L ; ; e S cF
T—e—" 5 ! ! 2
MODEL SPEED, FT/SEC. o LONGITUDINAL POSITION
1.2 Vs — OoF
H Fss: -;o Jg!gm SPEED C.G.
o ESISTA A
O .8 70 - % X R .
£ 0 [~ |(NORMAL) (NS. FWD. OF MAIN STEP)
7 o — | 50(30.8% OF BEAM)
& 70(43.2% OF BEAM)
87(53.7% OF BEAM)
| n 1 1 .
L) /I 15 20 2%
I I | | t)iooEL Speeo, FT/sEC. | ] S I ]
o a AL -
o 0.8 ALL 2
z § ~ S s — 2
= o-o04 : —_— ; - 0
5’105 T0 70 70 . - 4 -
; .0 57&50 -+ BTS\& 4 \50\ _MNeso . .
' 70 TRMMING MOMENT,
2() & ResisTANCE
= ' 87 vs.
P : Y“ ‘*\Q $3=§& Taa ANGLE
E-0 ] : | L l I i | ] | L At FIXep SPEEDS
4 8 12 4 8 2 4 8 12 4 8 12 :
Fig-8 TRIM ANGLE, DEG. - J

VOVN

*B1 4

8



12

P

I

Tria ANGLE
Vs
SPEED

FREE-T0-TRIM TRACK

X

A

.

FREE-TO-ThiM
RESISTANGE

\'

—_

9.2‘7
UPPER LINT 6.0\5
m %
S %
S2o D.2]

RESISTANGE
vs.
SPEED

EXPERIMENTAL TowING TANK
ISTEVENS INSTITUTE OF - TECHNOLOSY
Hosoxen, N.J.

VIVN

XPB2M-|
As 140,000 LBS.

WING LIFT AT 7=5°
Z,

(Loyuge = xvs?:, LBS)

L
1§
I yooeu. SPeeD, FT/sEC. | ]
\ﬁ/] h
W

4.63(67 % OF NORMAL)|.
6.95 (100% OF NORMAL)
_| 9.27(133% OF NORMAL)

o
(-]
-
z ~ :
- i
4
w
6.95
g 6.95 -t 4.63
0 L
=
g 1 1 1 L !
-] 4 8 12
Fig-9 TRIM ANGLE, DEG.

6 614




1

Trim ANGLE .
12 vs 7
Sreeo
%’ Upper LimiT | 0887 o458
8 e o “gte ]
FREE-TO- TRIM TRACK // S0,
4 \/ == BN
. — 8887 034 |
, LOWER L""“'o.m
e , | 1 0458
MOODEL SPeeD, FT./sec. RESISTANGE | -
1.2 - 7
FREE-T0-Thim S

RESISTANCE

\w~

EXPERIMENTAL TowiNG TANK
ISTEVENS INSTITUTE OF ‘TECHNOLOGY
HOBOKEN, N.J.

VIVN

XPB2M-1
8¢ 140,000 LBS.

WING LIFT RATE
ZO
( xv§, LB,/DEG)
0344 ( 75% OF NORMAL)
0.458 (100% OF: NORMAL)
0687 (150% OF NORMAL)

NOTE:LIFT AT J25°: 6.95VE

I dNOYO

Tri ANGLE

. s
5 5
| | P el l)iooeL SPeED, FT/SEC. \l u \ u |

o ' 0.458 -
5§ N 21 .
zZ g ~ Q48 7 0.488 .
= 04 I'“ ’ i -
z «
£ "Ho- AL . ALL oesr 7]
- S S SN o . i
g0
: | 2\ )
z -0 I I L 1 ] | I ] l ] AT FIXED SPEE
4 8 12 4 8 2 4 8 12 12 .
Fig. 10 TRIM ANGLE, DEG.

o1 614




¥

EXPERIMENTAL TowinG TANK
INSTITUTE OF TECHNOLOSY

YOVN

r
Trm ANGLE HoBOKEN, N.J.
12 ' SPV: - : :.
= e, UPPER Litr XPB2M-|
8 / ”775.;.”»’ “‘“‘4‘4“‘4 \‘\\)4@ -1 A°= |40,000 LBS-
FREE-TO-TriIM TRACK / G {
4 \// N i <. '
o s 7 VERTICAL
s | | ¢ e VELOCGITY DAMPING
— 5 10 5 20 25 Zw :
MODEL SPEED, FT/sec. RESISTANGE : .
12 vs. ~ 0458 V, (100% OF NORMAL)
PREE-To-Thu Seeep 0916 Vg (200% OF NORMAL)
08 EaSTLEE -—""\ -
o
2 T~ NO EFFECT
| 1 1
, 5 I 15 20 25
i { | ] | 1)100& SPEED, FT/SEC. | ' - ! | i
E,’; 0.8 K_/ N : 7] .
1 ! .
zZ i : :
v 804 L ~ v
< @ ~— H
%*lo— -
i ~ 0 \ T T \ _K TRIMMING MOMENT
20 8 REsISTANCE
i Vs,
2 ' \ ' \ \\ ' \ TRiIM ANGLE
Z -0 l 1 1 ] 1 L ] ] L } ] ] AT FIXED SPEEDS
= 4 8 2 ) e 12 4 8 12 4 8 12
Fig. 1l TRIM ANGLE, DEG. '

{1 -Bta

" et



TRIMMING MOMENT, IN.LBS.

EXPERIMENTAL Tovmh Tank
INSTITUTE OF TECHHOLOSY

2 Trm vinou: o:oe} A HOBOKEN, N.J.;
Sree . an—— XPB2M-|
8 ’ A N \\)‘44_ - 4¢ 140,000 LBS.
FREE-T0-Trim TrACK /l/ S8 :
0.98 o~ 1 .
Ry TAL MOMENT RATE
LOWER LUMT M :
1 ] " TTTTY T rrpryy e
15 20 25 '-
" MODEL SPEED, FT./SEC. RESISTANGE (v, LB.FT./:DE-‘».)
va - .
Sreed | 1098(71 % OF NORMAL)
—\ - 1.37{I00% OF NORMAL)
\ 205(150% OF NORMAL)
—— -
1 L NO EFFECT
15 20 25
1)100& SPEED, FT/SEC. ! ] S ! | I
0-.. \/\g \) i 7] g
04 S a %
¢|QE ~ - H
-0 \ - \ T \ "J—K TRIMMING MOMENT]
0 - 8 R;:a:rauct
\ X \ \ TRIM ANGLE
-10 I 1 1 1 L 1 | ] ] | | AT FIXED SPEED!
‘ 8 12 4 8 12 8 12 4 - 8 12
Fig.12 TRIM ANGLE, DEG.

VIVN

21 *6i4

R



VOVN

J ! J i ! EXPERIMENTAL TOWING TANK
STEVENS INSTITUTE OF TECHNOLOGY
2 TriM VAS‘NGLE END POINTS HmoKEN‘ N.J
SPEED L‘jjﬁ‘«‘ PPER LIMIT XPB2M-I
R P | % 85 140,000 LBS.
FREE-TO-TRIM TRACK / / R \‘f‘\O,‘
&
'7'7')-777-,7.,7_’_’_’_”_" o 1
4 /\/ tdtasasssssased TAIL DAMPING
"""Frrvv—;—,—,v-,.,.,,.
s I : 300 Mq
=" 5 10 5 | 20 25
MoDEL SPeED, FT/SEC. RESISTANCE (x104Vs LB.FT,SEC./RAD)
1.2 Vs
Free-To-Tnw Sreed 0.00( O%OF NORMAL)
w RESISTANCE A * |
g . “202( 25%0F NORMAL)
3 \\\\--____ _|405( 50%OF NORMAL)
® 8.10( 100%0OF NORMAL)
| I L 16.20(200% OF NORMAL)
5 |5 20 25
3— Doaw | ! / l’ylooEL SPEED, FT/SEC. \l ' | [
(7] .
¥ % = v =
= #-04 —— : i — v
[v H
& vi05 = - H
S -1 ' ALL ALL ALL '
= ro T T T TRIMMING MOMENT
g (o] & RESISTANCE
E vs.
5 \ \ j \ Trie ANGLE
£ 0 { 1 | | i 1 | i ] { i | AT Fixeo Seeeos |
= 4 8 2 s 8 2 s 8 2 r i2
Fig.13 TRIM ANGLE, DEG.

g1 -b14



F |

! - I I ! EXPERIMENTAL TowinG TANK
‘ "|STEVENS INSTITUTE OF TECHNOLOGY
TRiM ANGLE HoBOKEN, N.J.
12 Vs 1
SPeeD UPPER LIMIT XPB2M-|
8 y ST, ‘ﬁ“‘««“““ _ \\4* 4 A7 140,000 LBS. .
FREE-To-TRIM TRACK s / B"»\ w
S . . \"-——-—-1—— R d
- INTRODUCTION: OF 35°
2 | L %”’”’;};’»w#',s&,';igm 'LAGGING PHASE ANGLE
T e—T 5 0 { : i
MODEL SPEED, FT/SEC. RESETARGE BETWEEN QMg ANDq
1.2 Vs, g ‘
s Fg::-'ro-mu SPeED
: 08 SISTANCE _____._\ |
<
0 D |
wt-0.4 . NO EFFECT
3 | II.'-) 210 Zg
| | o |)100EL SPEED, FT/SEC. \l ' S~ ! | !

° \/" \/ ] 3
D04 Cob i - T
[T H

OIOE K C - ”

TRIMMING MOMENT

TRIMMING MOMENT, IN.LBS.

o _ & ResisTANCE
\ ™\ Vs
\ \ Thim ANGLE
-10 J ] ] 1 ! | ] 1 | ] I AT FixeD SPEEDS
4 8 12 4 8 12 4 8 12 4 8 12
Fig- 14 TRIM ANGLE, DEG.

VOVN

$1 -Bi1 4



2
(o)

o

T

EXPERIMENTAL Towine TANK

STEVENS INSTITUTE OF TECHNOLOGY

TriM ANGLE
12 vs. 7
SPEED L
UPPER LIMIT
— eeses
8 y 555w ““«4“‘«‘ \\%4'9 -
FREE-TO-TRiM TRACK ./ W
‘ ~ S -
/’n/ N ‘ %’T'”‘ LOWER LiMiT
T e—T 5 10 5 20 25
MODEL SPEED, FT/ SEC. RESISTANCE
12 vs. -
S FREE-To-Tnw SPEED
ESISTANCE —
§ 0.8 _\ -
<
s
g \.\.
0.4 .
] I I ] 1
5 { 15 20 25
A I mr/l l)iooEL SPEED, FT/SEC. | - | !
08 \_/‘x N
z _ —
&-04 b
3

HOBOKEN, N.J.-

XPB2M-I
AF 140,000 LBS.

INCLUSION OF Mw 8 Zq
WITH Mq,COMPARED
TO Mq ALONE

NO EFFECT

I dNOYO

0. \ \L TRIMMINGMOMENT
8 RESISTANCE
vs.
\ \ \\ \ Trim ANGLE
] 1 1 ] ] ! | | ! ] ]

| AT FIXED SPEEDS

TRIMMING MOMENT, IN. LBS.

4 8 12 r) 8
TRIM ANGLE, DEG.

VOVN

gl b4



.4
[+)

TRMMING MOMENT, IN.LBS.
o

FREE-TO - TRIM TRACK

VOVN

T 7&‘% T 1 T T EXPERIMENTAL TOWING TANK
> AFTERBODY REMOVED STEVENS INSTITUTE OF TECHNOLOGY
TRIM ANGLE HoBOKEN, N.J. -
sF12 Vs n
SPEED COMPLETE HULL ONLY XPB2M-|
\ -
g 8 oA ““‘«“‘«(_ uPER \64’0 - 8£140,000 LBS.
FREE-T0-TRIM TRACK /" com w
| . - ——— Il - ‘
-4 - AFTERBODY REMOVED
/ 5’,»””’»..,,, LOWER LimiT :
Z I 1 L 7ty
= — 5 \I{ 15 20 25
AFTERBODY REMOVED -] MODEL SPEED, FT/SEC. - RESISTANCE
73 -
e FREE-TO-TRIM SPEED
o RESISTANCE R
eros8 ' 7
«
e COMPLETE HULY
g \
[ 7
1 1 1 1
AS. RENOVED 5 i 5 25
I | ] | | L SPeeD, FT/SEC \l ' - ! ! i
— =
0.8 7]

_ CONPLETE HULL \\/rq,, COMPLETE HULL 2
< COMPLETE FULL _REMOVED| T %
E’. A.8.REMOVED : 7 H
o AB.REMOVED - >

h TRIMMING MOMENT
Y — 8 RESISTANCE
COMPLETE—), A.B.REMOVED conw.erh\A.a.Rsuovsn Tmuv:ud:
1 I i ] I AT FIXED SPEEDS
4 8 2 4 8 2 ’ .
Fig-16 TRIM ANGLE, DEG. :

gl ‘614



I

TRIM ANGLE
Vs
SPEED -

FREE-TO-TRIM
RESISTANCE

] ! 1 L
5 ' 15 20 25
2 e | | //t | MODEL SPEED, FT/SEC. | | - |
==z |\ " 3
40 6° P 50 7°
z. 1

dllN

—t

s
o

TRIMMING MOMENT, IN. LBS.
o 3
T N .
/
/
?
1

zo\,.H?

6°(7° |

ey

EXPERIMENTAL TOWING TANX
STEVENS INSTITUTE OF TECHNOLOGY
HoBeokEN, N.J.

VOVN

XPB2M-l
8¢ 140,000 LBS.

ANGLE BETWEEN FORE
AND AFTERBODY KEELS

2%

3%

4%

5%

6%

7%(NORMAL)
9 ’% :
12%

vV II dNOYO

TRiMMING MOMENT
8 RESISTANCE
vs.

Tam ANGLE
AT FIXED SPEEDS

n
@
3

)

2 4 12

TRIM ANGLE, DEG.

L1 b1y



EXPERIMENTAL TowiNG TANK
STEVENS INSTITUTE OF TECHNOLOGY

| TmnvAsucLE | HOBOKEN, Nud.
e
w SPEED UPPER LIMIT | XPB2M-|
de /i &, - &140,000 LeS.
FREE-70-TRIM Tncx/' %
(= .- — ~ .
g AFTERBODY LENGTH
/ L
S T (TIMES BEAMAT MAIN STEP)
- 5 10 15 20 25
MODEL SPeep, FT/sec.
Le | | posxeeam
! FREE-TO-ThiM | 22 SPEED 2.75 x BEAM
R
dog (U SN 41 325xBEAM
: .
& 04 \‘* -
x
5 5 26 o
[ i |
| 275 ! ! //I | MoDEL Speep, FT/SEC. 1| ) I~ ! ! !
T Y . AN | o
- = - (NORMAL) 3
2 g ~ a1s | Ty N? AL %
- - H
i 410 -
Z . 215 AL >
= %, 225 T T 7] TRIMMING MOMENT
©0 8 RESISTANCE
b3 \\ \ Mz.zs \W'zs \ l T Aoce
é-,c L\ L e A RSN \\ S ! | | At FIXED SPEEDS
= 4 8 © 4 8 2 ¢ 8 2 4§ 8 2
F

TRIM ANGLE, DEG.

VIVYN

g1 -614



EXPERIMENTAL TowinG TANK

T T T T T
- ’ STEVENS INSTITUTE OF TECHNOLOGY
: TRiM ANGLE HosokeN, N.J.
of-12 s,véo CHINE FLARE REMOVED 7 '
/.__-\ MAL: XPBZM"'
8 m::‘/ A4 uPPER Lim, 4  4#140,000 LBS.
< FREE-TO-TRIM TRACK  / / ig CHINE FLARE EXTENDED e %
4 2 1 T < NE FL AFA.
L '»»,,%’»» AFTERBODY CHINE
’ LOWER LIMIT ‘
Z ! g l L
T ee—T 10 e 15 20 25
w MODEL SPEEeD, FT/SEC.
12 CHINE FLARE REMOVED i ’ RESISV‘I:NGE T ,
FREE-TO-TRim Seeeo
o8 RESISTANCE Z\
; X NORMAL \ —
(7
404 -
m .
] ] ] ]
[ 15 20 25
& — I)aooa. SPEeED, FT/SEC. ' ' T~ 1 1
7] NORWAL i
5 g% N’ 2
Z2 g ~ ; RﬂWﬁD\\‘//’ﬁ Q
S Bros NORMAT {_womwar - o
‘g*lo— REMOVED- H
g tfo NORMAL L NORMAL 4\t EA >
o TRIMMING MOMENT,
=0 8 RESISTANCE
g vs.
3 TRIM ANGLE
z -10 1 ) | 1 ] ] | 1 i I ] I AT FiXED SPEEDS
P~ 4 8 12 4 8 12 4 8 12 4 8 12
Fig- 19 TRIM ANGLE, DEG.

VOVN

61 "B14

i,



! ! | ! ! EXPERIMENTAL TOWING TANK
STEVENS INSTITUTE OF TECHNOLOGY
TrRim ANGLE HOBOKEN, N.J.
vs. _
SPEED XPB2M-I
\\44_ E 4 140,000 LBS.
FREE-T0-TRIM TRACK “““‘«g‘;ii‘(
//,_ HEIGHT OF MAIN STEP
y/ LoweR LimMiT
\ iz \ e % BEAM
=i=-—5 10 15 20 25 -
- MODEL SPeeD, FT/sec. RESISTANGE % BEAM
o2 vs. . 3% BEAM
S FAEE-TO-TRiN Seeeo 5% BEAM
i 3 '
:—,’}v i \_ it SERIES AFTERBODY RAISED
0.4 -
e ! ! 1 i ]
5 1 'S 20 2%
! l | ! I}ODEL SPeED, FT/sEC. | ' S~ ! | |
§ gos ' N5 \) ‘ | 2
= 5 '\ s 5 (_NOREMAL) o
= 904 —_ : - T
g = H
z#‘o —
S to + 4 A >
A\ AN AN A\ R
0 8 RESISTANCE
b3 VS,
R O N O
-0 ] ] ] ] ] ! ) ] | AT FIXED SPEEDS
4 8 12 4 8 12 4 8 12 4 8 12
Fig.20 TRIM ANGLE, DEG.

VOVN

oe2b1g



! ! ! J ! ExPERIMENTAL Towing TANK
ISTEVENS INSTITUTE OF: TECHNOLOSY
2 T VA:M _ Hosokew, N.J
, SPEED 1% UPPER LiMT XPE2M-I
M Vi 5% \Q"'c 4 4=140,000 L8S.
\"\ 13% O
\.\___-_T__ -
LOWER LIMIT |
mn it e HEIGHT OF MAIN STEP
15 20 25 ' ‘
MODEL SPEED, FT/SEC, e STERNPOST ANGLE = 8°
v . 1% OF BEAM
Sreeo 5% OF BEAM(NORMAL)
- 9% OF BEAM
~_| 13% OF BEAM
- 219 SERIES
' & is B 25
S ' I
! | //\l ] L SPEED, FT/seC. | | ! A ]
o ! ' -
0.8 1% 5% 1% ()
3 2 3% {9% : 3% 9% 2
Z 13%, 19 9%, 5%~ i =
E’ &. 04 13%,1% N 2% L H
z lo.—L % % \% \X ] , >
= 0 TRIMMING MOMENT,
2o am%?nu
\ \ \\ \ Tam AwGLE
& o L ! 1 1 | I 1 ! 1 ] || ar Fixeo Seeeos
4 8 12 4 8 V] 4 8 12 4 8 12

TRIM ANGLE, DEG.

VIOVN

{2614



! ' L i 1 EXPERIMENTAL vaiuc TANK
| ) 19r:vocs INSTITUTE OF TECHNOLOGY
TR ANGLE HOBOKEN, N.J.
%“"‘“"‘" XPB2M-|
&%L o, o 4 a7140,000 LBs.
M“‘ \\‘op .
b— e ~~ _J
?’».,,,,MM AFTERBODY WARPED
LOower LIMIT
1 L I77rrrr ety rord NO GHINE FLARE
15 20 25
MODEL SPEED, FT/sec. RESISTANGE DEADRISE AT STERNPOST
vs. . -10*
SPEED 0°
/?\ A 10° '
20°
~\‘\~\, 30°
"_ .
3 210 zlr
10° 5 I 1
K i | MODEL SPEED, FT/SEC. | ' I~ | | |

B I I
g 08 mi AL ﬁ 0® Q
z & ' =
= & | -10% S
;. i 04 E
%" +0— .
= ro \\\\ B \\ B \\ 7] TRIMMING MOMENT
©o0 : & RESISTANCE
S e S M F | b NE | b
[°d ,4 8 4 8 12 4 8 12 4 8 12
F Fig.e2 TRIM ANGLE, DEG.

VOVN

22614



T ! ! L ! EXPERIMENTAL TO\;|NG TANK:
STEVENS INSTITUTE OF: TECHNOLOGY
TRIM ANGLE HOBOKEN, N.J.
Vs, B
SPEED _
XPB2M—-|
—_— W JUPPER LiMIT \ -
AT STEP vm\% sASE ”‘f“’f*t 4  85140,000 LBS.
FREE-T0- TRIM TRAGK / \ w , :
A o S
T \ STEP MO ' STEP VENTILATION
21 1 . | [howen Lmm STEP HEIGHT 1%
—— 5 10 15 i 20 25 o
MODEL SPEED, FT/SEC. ResisTaNGE _*ONLY UPPER LIMIT INVESTIGATED
e Fg:z-'rozhéu Seeep
o SISTA - _
% BASE BOAT
w D -
5 \ |‘!'l 2l0 2%7
! | | 4/! I’yODEL Seeep, FT/seC. ! | I~ | i }
§ o8 \\\‘_,/1 \\\\_::/ | | g
=5 —~ ,_ \/\ 2
L Oos BASE BOAT i 7 ;
%lﬂo- J 7 »
z o \ ™ \ T \ -’\ TRIMUNG MOMENT
2o 8 REsiSTANCE
0 D P O e O R
& ] L l L | I | | L 4___1&5_':?;@_
10 4 8 12 4 8 12 4 8 12 4 8 2
Fig.23 TRIM ANGLE, DEG.

VYOVN

g2-b14

R



I

TRiIM ANGLE

Vs
SPEED

FRee-T0-TRIM TRACK

4 -
CONST. €.~ —>_~
] \}/é%wﬂz- DEADR

-

|

NORMA

EXPERIMENTAL TOWING TANK
STEVENS INSTITUTE OF : TECHNOLOGY
HOBOKEN, N.J.

VYOVN

XPB2M-|
4  4#140,000 L8S.

FOREBODY FORM
(WARPING OF BOTTOM)

{0

baaais sy
%&An DEABRISE

MODEL SPeeD, FT/sEC.

18- SERIES

vs. ~
FREE-T0-TRiM SPEED
RESISTANCE
& LINEAR DEADRISE .
AL
CONSTANT _ SECTION -
: |\ 240 25
LINEAR D, 5 { 15
' | T //n \ L SPeeo, FT/SEC. | t ' | i
o 0.8 NORMAL LINEAR Dyl oNST. SEG. LINEAR D : i o
| CONSTANT SECTION ; LINEAR DEADRISE p i}
Z g —_ ! GONST. SECTION 0
£ NORMAL : ) c
I CONST. SECTION L NORMAL ; _ o
z o {__ NORMAL - H
%"0' ' \  const. secriob \! CONSTANT SEC. cousr. secrion CONST SECTION & NORMAL -
. - — & NORMAL —- NORMAL .

s .0 nomu.\ & LINEAR D \ \\ TRIMMING MOMENT,
2 0 N \ 8 Resvlsnnct
5 s.
; X me m LINEARA T ANGLE
z -10 L. 1 } j ) ] 1 i i i AT FIXED SPEEDS |
- 4 8 12 4 8 12 4 8 12 4 8 12
Fig.24 ' TRIM ANGLE, DEG.

2614



T

Trim ANGLE
Vs
SPEED

00 ¥b.
27 9b

FREE-TO-TRIM TRACK

FREE-TO-TRiIM
RESISTANCE

EXPERIMENTAL TOWING TANK
STEVENS INSTITUTE OF TECHNOLOGY
HOBOKEN, N.J.

VIVN

XPB2M-I
8=140,000 LBS.

FOREBODY WARPING

| DEADRISE INGREASES
FWD. OF STEP
00 7b
2T 9
5.4 7b
. 8. b
10.8 7b

2" SERIES

A

A
(=)
i

o

3 M dNO¥9

TRIMMING MOMENT
6 RESISTANCE
vs.

Trim ANGLE
AT FIXED SPEEDS

TrRIMMING MOMENT, IN.LBS.

TRIM ANGLE, DEG.

g2 b1 4

¢
i



L

+

OMENT, iN. LBS.

n TRiIMMING M

. YOVN

! o J ! J ! EXPERIMENTAL TOWING TANX
. 7 TEVENS INSTITUTE OF TECHNOLOSY
2 RIM &mu _ HoBOKEN, N.J.
. SPEED 44 ,
UPPER LiMIT XPB2M-I
o ) LTI 497::‘% \\‘)‘* <4 44140,000 LBS.
FREE-T0-TRIM TRACK W ‘\f‘q.' :
4 . a/ —1% 32.44 S .
| T owen Lur o, | FOREBODY LENGTH
1 [ | (TIMES BEAM AT MAN STEP)
i5 | 20 25 _
MODEL SPEED, FT/seC. R:sls:;mc: . 5 82 x BEAM
Seeeo 3A4 x BEAM

&

N 1  407xBEAM
L
[] :

L 1 !
5 _— 20 2
! ! | ] i l)«oocu. Speeo, FT/SEC. | ! ~— ! t t
0.8 344 van AN a ®
- : . 3.44 ! (NQRMAL) 3
\ 1 “ ' C
0= 4 H
a
° \\\ 1 X L
0
z.az—\%mw 2.82“4.07 2.82°\4.07 2.82 .4,07
-10 | 3‘“’1 1 1 3‘414 )\ 1 3‘“l 1 3.44
4 8 12 4 8 12 4 8 2 4 [

ig. 26 TRIM ANGLE, DEG.




MOMENT, IN.LBS.
+
o

-n TRIMMING
o

g

T T T T I EXPERIMENTAL TowiNG TANK

YOVN

ISTEVENS WSTITUTE OF TEGHNOLOSY
TriIM ANGLE HOBOKEN, N.J.
va - o
Seeeo / . UPPER LiMIT Ct XPB2M-|
5.07 i ’¢F‘-§‘ o “'5‘:0";: \\}4* - A°= l40,000 LBS.
el
~_;~: -~

LOWER LIMIT ] HULL LENQTH

807 Lo
| 7 3| (TIMES BEAM AT MAI STEP)
13 | 20 25 ‘

MOOEL SPeEeD, FT/seC.

n:snsxuct. _ 507 x BEAM
SPEED 6.19 x BEAM

x = 7.32 x BEAM
~—__

.[619xBEAM=NORMAL]

L 1 L.
15 20 . 25
! I L SPeeD, FT/sEC \l ' e | | !
08 530 319 g % '
B ~ =
504 . 8]
= 619 i H
732 5.07 T
-0 \ T TRIMMING MOMENT
W 8 ResisTAncE
vs.
\ 5.07%%;92 Tam Awece |
-10 I ] ] 1 ] AT FixeD SeeEDs
4 8 12 4 8 12
ig-27 TRIM ANGLE, DEG.

12°614




TRIMMING MOMENT, IN.LBS.

v (NORMAL)

XPB2M-1
87 140,000 LBS.

HULL DEADRISE
(TIMES NORMAL )

I0°AT-STEP (0.5 OF NORMAL)

_|20°AT STEP (1.0 OF NORMAL)

30°AT STEP( 1.5 OF NORMAL)

L
20
| o] L Speeo, T/s€c. | ] |
0.8 AN - °
\n’/\ §
04 10° o ~ Y
. ‘ H
+10- _ -
e AV &\ ;
I TRIMMING MOMENT,|
0 &R:zc:uuct
S N e
-l i ] | 1 : )
0 T 8 B r *’ 8 12 13
Fig.28 Tmu ANGLE, DEG.

VIVN

‘82614



TRIM ANGLE, DEG.

! ! L ! ] EXPERIMENTAL Towine TANK
STEVENS INSTITUTE OF TECHNOLOGY
2 Tam vAs_“GLE _ HoBOKEN, N.J.
SeeED 356 Nomawr” Tueper Limm . XPB2M-i
6 g; \\)4* - 44 140,000 LBS.
Fns: -T0-TRiM TRACK ) g . 'q,‘ .
4 \\\5/'// 541 - i
/ CHANGES OF
e I | | R LONGITUDINAL STEP .
= r— L3 10 15 20 25
MODEL SPEED, FT/SEG. Err— POSITION
12 s:s: -
) _
il .| 541 IN, AFT OF R
08 o~ -|  5S8IN. AFT OF FP
= WORMAL) 578IN. AFT OF FR
5o I - '
- I | L v
" L3 20 F1.3
! | ! M l)iooﬂ. SPEED FT/sEC. \l ' S | ]
g 858 -
~ | N :
[y 04 —_— i ~
& «105 = ~ H
3 54 588 . 84! I
= [0 —+ ~ 558 s4; 576 T S8
(] 0 / /
i \ \
g0 s e o W

VvOVN




~ 4 48° SWALLOW TAIL

FREE-TO-TRIM TRACK

I J | ! L ExXPERMENTAL Towing TANK
. STEVENS INSTITUTE OF TECHNOLOGY
Trim ANGLE HOBOKEN, N.J.
12 Vs, 45° V-STEP - -
SPEED XPB2M-|

A 140,000 LBS."

'CHANGES OF

FREE- Tb-"hll
RESISTANCE

48° SWALLOW TAIL

|
MODEL Speep, FT/sec.

45° V-STEP

P ————

STEPPLAN FORM
M B NORMAL
45°SWALLOW TAIL

H II dNOHO

Tam A'nu:
AT FIXED SPEEDS

L _h
1 ! | | l)coocl. SPEED FT/SEC. \l ] - | ! I

@ i
_3 i Low V- TEP NORMAL swaLLow |\ | v-sTEP NORMAL
2 v-STEP NORMAL i
= 04 - NORMAL i —
E SWALLOW SWALLOW
3 +l0 . -
5 B \\\ T T -'K _ TRMMING MOMENT
z 0 ' A RessTANCE
; 45° SWALLOW 45° V-STEP [ 45° SWALLOW 45°V-STEP |45° SAWALLW 45°V-STEP 45° SWALLOW 45° V-STEP
z NORMAL TAIL NORMAL TAlL NORMAL TAIL NORMAL
K. | I I ] ]

o 4 8 12 e 8 2 %

Fig.30 TRIM ANGLE, DEG.

VOVN

ogb14



NACA =

SCHEMATIG SKETCHES SHOWING
ARRANGEMENT OF APPARATUS FOR VARIOUS
TYPES OF DAMPING

CARRIAGE

————

FOR TAIL DAMPING DERIVATIVE Mq ONLY
SEE PAGE 20

CARRIAGE

FOR TAIL DAMPING Mg AND VERTICAL VELOCGITY DAMPING Zw
SEE PAGE 20

CARRIAGE

“q .“'m Zq

e =

FOR TAIL DAMPING Mq, AND THE AERODYNAMIC MOMENTS
AND FORCES ATTRIBUTABLE TO My, AND Zg

Fig. 31 SEE PAGE 22

Fig. 3l



"

NACA GRouP TIIA AFTERBODY MODIFICATION  Fig, 32
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